The classification of states in the fermion-fermion Bethe-Salpeter equation is discussed. They are related to the states in the fermion-antifermion case discussed before. This enables us to obtain restrictions on the interaction in quark models. Some models used in the literature are thereby found to lead to unphysical predictions.
Introduction
The numerical solution of the Bethe-Salpeter (BS) equation in realistic cases is beset by numerous difficulties. Besides the problems related to singular interactions which arise from renormalizable Lagrangians, it is the large number of coupled equations in the spinor-spinor case which renders a numerical solution a difficult task. The importance of the spinor-spinor BS equation must not be stressed here, as physical applications we mention only positronium, various quark models, and nucleon-nucleon scattering.
In order to reduce the number of coupled equations as far as possible one has to investigate the symmetry properties of the equation very carefully. Especially we are interested in symmetries arising from the Poincare group. These symmetry properties have been exploited in a previous paper 1 (referred to as I in the following) for the fermionantifermion case. Here we extend this investigation to the fermion-fermion problem.
This case has been studied before in the helicity formalism 2 ' 3 which is suited for the scattering problem. But we feel that our approach which is guided by the analogy to the non-relativistic angular momentum reduction has its own merits. It will allow for a detailed comparison of the fermion-fermion and fermion-antifermion problem. In respect to the quark model we will demonstrate that a simultaneous treatment of the diquark and quark-antiquark problem may reduce the freedom in chosing the interaction.
Fundamentals
We are interested in the symmetry properties under Lorentz transformations of the fermionfermion BS-amplitude The state ja) is assumed to be characterized by momentum P", angular momentum j, spinprojection j3 , and parity . Furthermore, we have the exchange properties
since Ave are dealing with identical fermions. For simplicity, we deal with fermions without internal symmetries. The incorporation of isospin or SU (3) is straightforward and leads to no problems.
From the quantum numbers of the state ja) we construct eigenvalue equations for the BS amplitude
The procedure is completely analogous to the fermion-antifermion case. So we give only the results. For the momentum, we find:
which is identical to the fermion-antifermion case. More interesting is the angular momentum. The action of the generator M/IV on the state a) may be represented as follows:
• 
with a phase factor rj. Since two successive reflections are indentical to a rotation of 2 Tr or a restoration of the beginning we have ±1 or rj = ± 1, ±i. Since for the adjoint field operator
we get rjrj* = 1 in the fermion-antifermion case. So the actual value of rj does not matter there. But in the fermion-fermion case we have a change in sign depending on rj. It will, however, be of no importance since parity may be defined consistently only on parts of the complete Hilbert space with constant fermion number 4 . So we may safely put rj = 1 thereby fixing the relation of parity in different subspaces. The eigenvalue equation for x is now derived readily. We write it down immediately for the relative wave function cp (x) :
with a change in sign compared to I. This is the expression of the fact that antiparticles have opposite intrinsic parity compared to particles. Finally, we have to transcribe the Pauli principle (2.2) to cp'. We find
C<p' T (-x)C~i=<p'(x) . (2.10)
This is identical to the charge conjugation equation in I with rjc = -f 1. We might get a different sign on the righthand side of (2.10) by the introduction of internal symmetries.
Classification of States
Since the eigenvalue equations derived in the preceding section are identical to those given in I, we can immediately write down the complete classification of states in terms of the quantum numbers. x' is first divided into the centre of mass motion and a relative wave function according to ( 
2.3): t'aß ( x l, Z*) = < Paß(x1~X2)exp{iP(x1+X2)/2}
-(3.1)
cpaß is expanded in terms of the elements of the Dirac algebra:
Finally, the different amplitudes S, F,-etc. are then expanded in terms of spherical harmonics and vector spherical harmonics, respectively: and so on. For brevity, we will omit the subscript 7' 7' g in the following. The coupling of the various amplitudes and the quantum numbers belonging to them are shown in Table 1 . It is obtained from the corresponding table in I by some changes in sign. The only important difference is that now we have a selection of the allowed combinations according to the angular momentum. Furthermore, we now have physical states also for those amplitudes which correspond to exotics of the second kind in the fermion-antifermion case (amplitudes s" etc.).
In the scattering problem, an enormous simplification arises. If the external particles are on the mass-shell the relative time is zero for purely kinematical reasons. Thus all amplitudes with an "o" subscript vanish.
Quark Model Considerations
We now turn to the dynamical relation between bound states in fermion-fermion and fermion-antifermion case. For definiteness, we will use the quark model but our considerations apply to all systems as well.
The BS-equation for a quark-antiquark bound state in the ladder approximation reads in momentum space: It differs from (4.1) only in the sign of the vector interaction if we derive the BS kernels from an underlying Lagrangian. Of course, there will be no relation at all between the two cases if we use phenomenological interactions. But we believe that even if one adopts such a phenomenological standpoint one should preserve the connection in (4.1) and (4.2) in order to reduce the number of free parameters.
In the absence of vector interactions the two equations (4.1), (4.2) will be identical. Therefore, they will have an identical spectrum of eigenvalues. So degenerate in mass to the TI one will find a diquark bound state with ji p = 0 + , and the o will be accompanied by a 1 + diquark. This is in sharp contrast with the experimental situation where not a single diquark state has been found. So we conclude that a vector interaction is absolutely necessary in order to reproduce the experimental situation. Therefore all quark models without a vector interaction should be discarded, e. g. that of Joos et alias 5 .
This statement is not spoiled if we consider the normalization of the BS amplitudes. The normalization integral involves essentially only the kinetic term which is identical in both cases.
A reasonable quark model, in our belief, should not only give a reasonable meson mass spectrum, but also explain the absence of bound diquark states without introducing additional parameters. This requirement enforces the presence of a strong vector interaction. But whether it is possible to fulfill remains to be shown by explicit dynamical calculations.
